The study attempt to document the chemicals and biological products that are in use in fish and shrimp culture in Bangladesh. Interviews were conducted with fish and shrimp farmers in Mymensingh aquaculture region, and two major shrimp producing regions, Khulna and Cox's Bazar. The study documented the use of 55 different chemicals and biological products in aquaculture in Bangladesh. The most commonly used products were vitamins and minerals (18), disinfectants (10), therapeutants (9) and water treatment compounds (8). Farmers in Mymensingh area were found to use 8 different chemicals and biological products, while the shrimp farmers in the south-western region (Khulna) used large number of such products than farmers in the other two regions. Laboratory trial of some of these products done by Bangladesh Fisheries Research Institute and the results are summarized in the paper.
Introduction
In aquaculture, chemicals are used mainly in the treatment and prophylaxis of diseases, which constitute the largest single cause of economic losses.
On the other hand, various chemicals/biological products are used in aquaculture as feed additives and water treatment compounds to target high fish production in the recent years. However, increasing use of the chemicals in aquaculture has lead to widespread public concern. The chemicals are different forms of limes, fertilizers, and various commercial forms of growth and water productivity enhancer products.
Many aquacultural chemicals degrade rapidly in aquatic systems. For example, formalin, a widely used parasiticide and fungicide, has a half-life of 36 hours in water (Katz, 1989) . Furazolidone, an antibacterial, has a half-life of less than one day in sediments (Samuelsen et al., 1991) . Other chemicals may persist for many months, retaining their biocidal properties. Some antibacterials, notably oxytetracycline, oxolinic acid and flumequine, can be found in sediments at least 6 months following treatment (Weston, 1996) . Very little is known about the environmental fate of many aquaculture drugs with available data (Graslund et al., 2003) .
Fish/shrimp culture in Bangladesh is sifting gradually towards commercial practice with the increase in stocking densities and use of commercial feeds. Management of water quality and maintenance of culture environment are becoming difficult, and thus the cultured species are becoming more susceptible to diseases. Farmers are now interested to use chemicals in feed, to maintain water quality, combat disease and increase production. So far, no significant work has been done on the impact of use of
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With the intensification of aquaculture, different farms are trying to introduce chemotherapeutics, feed additives, growth enhancers etc. to increase the production and combat disease outbreaks. Different pesticide companies are advocating for their chemicals and biological products as remedy to diseases and as growth enhancers. Unfortunately, complete information on the use of chemicals in aquacultural practices in Bangladesh is not yet available (Faruk et al., 2005) . The present study provides a list of chemical and biological products that are in use in aquaculture in Bangladesh, and results of laboratory trial of some such products. Findings of this study will help to formulate guidelines for registration, licensing, regulation and guideline for the use of chemicals and biological products in aquacultural industry of the country.
Materials and Methods

Survey on the use of chemicals and biological products in aquaculture
A survey was conducted to find out the present status of the use of chemicals and biological products in fish/shrimp farming in Bangladesh. A set of questionnaires were prepared. Representative fish/shrimp farmers, extension workers, feed manufacturers and pesticide companies were interviewed. Data on product classification (pesticide, veterinary drug, medicated feedstuff, feed additive, poison, etc.), manufacturer's name, product name (official and scientific), active ingredients, chemical properties, efficacy, possible environmental impacts, etc. were collected and analyzed.
Altogether 65 respondents were interviewed in three major fish/shrimp producing regions in the country. The three regions were central regionMymensingh as aquaculture region, shrimp producing south-western region-Khulna and south-eastern region-Cox's Bazar. The chemicals and biological products documented in the survey were sorted into the following major groups: therapeutants, disinfectants, water treatment compounds, vitamins & minerals, antibiotics, feed additives and hormons. Some products were identified with respect to chemical formula of active ingredient, whereas others were identified merely as a certain type of product (e.g. vitamins).
Study the effects of chemicals on
fish/shrimp and water environment Fish/shrimp was exposed to different chemicals commercially introduced by different pesticide companies in Bangladesh. A series of laboratory trials on available chemicals/biological products were conducted to observe the effects of chemicals on fish, shrimp or water.
Results and Discussion
Field survey on use of chemicals/biological
products Results of field survey indicates that the use of chemicals in aquaculture is not well established in the country. Farmers use different chemicals and biological products rather than most commonly used lime and fertilizers, in a limited scale. Piscicides are used in some Asian countries to control predators prior to stocking of ponds, but the use of antimicrobials and diseasecontrol chemicals is limited to a small percentage (<5%) of the fish producers (Phillips, 2000) . Although large numbers of chemicals are now introduced by different agrochemical dealer and pesticide companies, their wide scale use could not be quantified. The available chemicals and biological products that are in used in the country are summarized in Table 1 . Results of the survey and discussion meetings with the farmers led to the conclusion that the farmers are mainly searching for solutions to the day-to-day problems they face, particularly when disease outbreaks are encountered in fish/shrimp ponds. Farmers select chemicals from their own experiences, suggestions from other farmers or from pesticide sellers. Many products documented in the survey were used for the purpose of preventing, treating or mitigating disease outbreaks, and the products used by a farmer may have been influenced by the presence or immediate risk of disease outbreaks. A variety of feed additives were reported to be used by the feed manufactures and progressive farmers to increase production, although efficacy of such additives was not well established.
The most common chemicals used in aquaculture are lime i.e. agricultural lime and quick lime, and fertilizers such as urea, TSP, MP etc. Dolomite also a form of lime now used in aquaculture practices. Liming does not cause environmental problems, and liming and inorganic fertilizer compounds do not cause food safety concerns. Fertilizers are highly soluble and release nutrients that can cause eutrophication of natural waters. An array of other substances is used less frequently in aquaculture including: oxidants, disinfectants, osmoregulators, algicides, coagulants, herbicides, and probiotics. These compounds or biological products quickly degrade or precipitate. Most of the substances used in pond aquaculture to improve soil or water quality cause little or no risk to food safety (Boyd and Massaut, 1999) . However, high application rates of lime (<2,250 kg/ha) in fish ponds reduced survival, growth, maturity index and fecundity of fish significantly (Konar et al., 1990) .
Characteristics of chemicals commonly
used in aquaculture Chemicals have many uses in aquaculture, the types of chemicals used depending on the nature of the culture system and the species being cultured. Since the first true antibacterial agents were introduced in the 1930s, users have been coping with the emergence of drug resistance among target organisms. As each new drug was developed, major successes in therapy were achieved but, within a few years, the first cases of drug resistant strains began to appear. In intensive aquaculture antibacterial agents are used universally to treat bacterial disease and there is widespread prophylatic use. The most common routes of application are oral or by immersion. In both the cases, significant quantities of antibacterial may reach the environment and lead to the selection of resistance. Table 2 present the chemicals approved for aquaculture.
Marketing and testing of chemicals
In Bangladesh, there is no specific legislation regarding the use of therapeutic drugs and chemicals in aquaculture. As a result, their uses are unregulated. Most of the drugs are similar to those that are used in human medicine, while the chemicals used in aquaculture are the same as those used for agricultural purposes. Recently, the pesticide companies are marketing directly many products for aquaculture (Table 1) . There is no registration system for importation of chemicals for use in aquaculture. As consequence of the expansion of aquaculture, chemical usage has become increasingly a part of management. Various types of commercial products are produced to meet the demand. There is an increasing level of suppliers also. Some suppliers import the products and some producers produce the products locally. Efficacy of most of the products is generally not tested before marketing. A few leading pesticide/marketing companies contact Department of Fisheries or Ministry of Fisheries and Livestock for testing their products before marketing. They are ultimately referred to the Bangladesh Fisheries Research Institute (BFRI) for testing their products. Some times they directly contact BFRI for testing. Flash fish hormon is found to be good inducing agent for fish breeding of catla, rohu and mrigal.
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On the other hand, most of the suppliers of the country are indiscriminately marketing their products without prior test. Test results of 10 chemicals (2 therapeutants, 5 water treatment compounds and one each of disinfectant, feed additive and hormone group as reported by BFRI are presented in Table 3 . Most of the water treatment compounds were found to be effective for purpose as stated by the manufactures/ suppliers. However, field level trials are required to establish the usefulness of these chemicals in our aquatic environment.
Conclusion and Recommendations
On a worldwide basis, only a small number of chemicals are legally approved for use in aquaculture. Chemicals can react differently in water depending upon the water quality, the target species and the life stage of the species.
Water quality factors such as temperature, pH, alkalinity and organic matter content can often have a bearing on the effectiveness or toxicity of a chemical. Larval stages and younger fish are usually more sensitive to chemicals. Furthermore, a fish already weakened by stress or disease may succumb to a "normal" chemical dose. Recommended dosages and methods of application should be followed closely. To avoid complications following chemical application, a simple "bioassay" can be conducted to determine the response to the treatment. A sample of fish from the pond or tank is placed in a small container and treated with the proposed chemical and dosage. The test should be run using water from the pond or tank to be treated. Following recommendations may be considered for judicial use of chemicals in the country:
 Undertake proper labeling of drugs/chemicals (ingredients, methods of use, handling, risks etc.) and undertake responsibilities for substantiating claims on products.
 When multiple chemical alternatives are available, farmers should select drugs not only on the basis of efficacy data but also on the basis of available information regarding environmental persistence, potential effects on non-target organisms, propensity to stimulate microbial resistance and rate of residue elimination.  Scientists need to conduct more research on chemical use in aquaculture to ensure their effectiveness and safe uses.  Standards for aquaculture-grade chemicals and their use should be set and enforced.
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